APPLICATION 
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UNITED STATES PATENT 


To all whom it may concern: 

Be it known that we, Craig S. Rendahl, John DiDomenico, and Paul F. Kyle 
have invented certain new and useful improvements in 

Apparatus And Method For Measuring Vehicle Speed And/Or Acceleration 

of which the following is a full, clear and exact description: 
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APPARATUS AND METHOD FOR MEASURING VEHICLE SPEED 
AND/OR ACCELERATION 

PRIORITY 

This application claims priority to provisional U.S. Patent Application Serial 
5 No. 60/258,561, filed December 29, 2000, the disclosure of which is hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to an apparatus and method for 
measuring the speed and/or acceleration of a vehicle. More particularly, the 
1 0 invention relates to the use of a projected radiation beam that is blocked by passing 
vehicles. 

BACKGROUND OF THE INVENTION 
Various arrangements for measuring the speed and/or acceleration of a 
vehicle moving along a surface such as a roadway have been known. One such 

15 device uses radiation sources on one side of the roadway, projecting a beam across 
the roadway to be received by a respective detector. The detectors are on the 
opposite side of the roadway from the radiation sources. The detectors detect when 
the beam is blocked by a wheel of the vehicle. A calculating circuit determines the 
speed and/or acceleration of the vehicle based on information from the detectors. 

20 A disadvantage of this known arrangement is that the radiation sources and 

detectors must be placed on opposite sides of the roadway from each other. Since 
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both the detectors and radiation sources require power to operate, this means that a 
separate power supply must be provided on each side of the roadway. 

Another disadvantage of the known arrangement is that it is difficult to align 
the sources and detectors so that the beam hits the detector. 
5 Still another disadvantage of the known arrangement is that there is no means 

for approximating the size and/or mass of the passing vehicle, information useful in 
the calculation of the Specific Power generated by the vehicle. Specific Power is 
crucial to correlating on-road in-use emissions from vehicles to stationary loaded- 
mode tests when the embodiment of this invention is applied to on-road in-use 
10 emissions testing. 

No currently known embodiment of speed and acceleration can be 
implemented such that more than one group of sensors can connected in series 
("daisy-chained") to produce multiple sets of speed and acceleration measurements. 
Yet another disadvantage of known arrangements is that there is no provision 
15 for a convenient support structure that can support more than one unit such as sender 
units, detector units, or reflector units, to provide a fixed spacing between the units 
while also permitting the support to be adjustable for uneven surfaces or for 
mounting on a curb when desired. Also, there is no provision for making such a 
support able to be disassembled for storage and/or transport. 


-2- 


ATTORNEY REF. NO. 114292.1561 


PATENT 


Accordingly, it would be desirable to have an arrangement where power 
could be supplied on only one side of the roadway and which is easier to align than 
conventional arrangements. 

It would also be desirable to have a convenient support structure that can 
support more than one unit such as sender units, detector units, or reflector units, to 
provide a fixed spacing between the units while also permitting the support to be 
adjustable for uneven surfaces or for mounting on a curb when desired. Also, it 
would be desirable to have a provision for making such a support able to be 
disassembled for storage and/or transport. 

SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present invention, an apparatus is 
provided for determining the speed and/or acceleration of a motor traveling on a 
vehicle path. The apparatus has a first radiation source arranged at a first side of the 
vehicle path and a first reflector arranged on a second, opposite side of the vehicle 
path from the radiation source that reflects the radiation from the first radiation 
source back towards the first side of the vehicle path. A first detector is arranged at 
the first side of the vehicle path that receives the reflected radiation from the first 
reflector and detects a presence or absence of the reflected radiation. A second 
radiation source is arranged at the first side of the vehicle path and a second reflector 
is arranged on the on the second, opposite side of the vehicle path from the second 
radiation source that reflects the radiation from the second radiation source back 
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towards the first side of the vehicle path. A second detector is arranged at the first 
side of the vehicle path that receives the reflected radiation from the second reflector 
and detects a presence or absence of the reflected radiation. A controller which is 
operatively connected to the first and second detectors calculates at least one of the 
speed and acceleration of the motor vehicle in response to the detection by the first 
and second detectors. 

The invention provides a method for measuring at least one of the speed and 
acceleration of a vehicle traveling on a vehicle path by emitting radiation from a first 
side of the vehicle path, then reflecting the radiation emitted at a second, opposite 
side of the vehicle path back towards the first side of the vehicle path. The reflected 
radiation is received at the first side of the vehicle path and a presence or absence of 
the reflected radiation is detected. At least one of the speed and acceleration of the 
motor vehicle is calculated in response to the detecting step. 

In another aspect, the invention provides a support for supporting two or 
more units used in a system for measuring a speed and or acceleration of a 
vehicle, with the support able to rest on a surface, has an elongated bar on which 
the units are mounted. A first leg and a second leg are both mounted to the bar. 
A third leg is mounted to a rear portion. The legs in some embodiments are 
height-adjustable. 
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There has thus been outlined, rather broadly, the more important features of 
the invention in order that the detailed description thereof that follows may be better 
understood, and in order that the present contribution to the art may be better 
appreciated. There are, of course, additional features of the invention that will be 
5 described below and which will form the subject matter of the claims appended 
hereto. 

In this respect, before explaining at least one embodiment of the invention in 
detail, it is to be understood that the invention is not limited in its application to the 
details of construction and to the arrangements of the components set forth in the 
1 0 following description or illustrated in the drawings. The invention is capable of other 
embodiments and of being practiced and carried out in various ways. Also, it is to 
be understood that the phraseology and terminology employed herein, as well as the 
abstract included below, are for the purpose of description and should not be 
regarded as limiting. 

15 As such, those skilled in the art will appreciate that the conception upon 

which this disclosure is based may readily be utilized as a basis for the designing of 
other structures, methods and systems for carrying out the several purposes of the 
present invention. It is important, therefore, that the claims be regarded as including 
such equivalent constructions insofar as they do not depart from the spirit and scope 

2 0 of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of the hardware utilized in the present 
invention. 

FIG. 2 is a top plan view of a source/detector (S/D) unit according to a 
preferred embodiment of the invention. 

FIG. 3 is a front view of the S/D unit shown in FIG. 2. 
FIG. 4 is a top plan view of a reflector unit according to the present 
invention. 

FIG. 5 is a front view of the reflector unit shown in FIG. 4. 
FIG. 6 is a side view of the S/D unit of FIG. 2 and also represents a side 
view of the reflector unit of FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 
In general, according to the invention, two or more laser/photo-detector 
15 modules, also referred to as source/detector (S/D) units, are placed at known 
distances apart from each other along the vehicle path, emitting beams perpendicular 
to the roadway or path of travel of the vehicle, to a respective retro-reflective element 
located across the roadway. The beam is reflected back by the retro-reflective 
element and detected by the S/D unit. When a passing vehicle breaks the beam, the 
2 0 timing of the interruption of the beams is used to calculate an indication of speed 
and/or acceleration of the vehicle. 


5 


10 
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Accordingly, the present invention provides a system and method for 
measuring the speed and/or acceleration of a vehicle. Referring to FIG. 1, a preferred 
embodiment of the system 10 includes a plurality of integral source/detector ("S/D") 
units 12 arranged on opposite sides of the vehicle path from retro-reflector matrix 
5 units 14. The S/D units 12 each have a radiation beam output and a detector. The 
S/D units 12 and/or retro-reflector matrix units 14 can be positioned by being 
attached to bar units 16, 18 of known length to fixedly separate the distance D 
between the units in the direction of travel being measured. The S/D units 12 each 
project a radiation beam, such as a laser beam, generally perpendicularly across the 

1 0 roadway or path of vehicle travel toward the other side of the roadway. Each retro- 
reflector matrix unit 14 is positioned on the other side of the roadway and receives 
and reflects the beam back to the respective S/D unit 12. The S/D unit 12 receives 
the reflected beam. 

The retro-reflector matrix units 14 can be provided by employment of 

15 commercially available reflector items. These retro-reflectors reflect at least a 
portion of a received light beam back in the direction from which the light beam hit 
the retro-reflector. Even if the beam does not hit the reflector perpendicular to the 
reflector, the retro-reflector matrix 14 will reflect a sufficient amount of light back 
towards the origin of the beam to be detected. Thus, the retro-reflector matrix units 

2 0 14 will reflect a sufficient amount of a received beam back to the respective S/D unit 
12 for detection. This provides a significant advantage of the invention, whereby the 
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retro-reflector matrix 14 does not need to be aligned to be directly perpendicular with 
the direction of the beam. This feature greatly simplifies installation and set up of 
the system 10. 

FIG. 1 further schematically depicts the arrangement of the S/D units 12 and 
5 the retro-reflector matrix units 14, with the S/D units 12 mounted to S/D bar units 16, 
and the retro-reflector matrix units 14 mounted to reflector bar units 18. The S/D bar 
units 16 each include at least two S/D units, S/D 1 and S/D 2, but may include any 
number greater than two, that is S/D N units. FIG. 1 also schematically illustrates 
that more than one S/D bar 16 and more than one reflector bar unit 18 may be used. 

10 Mounting the S/D units, S/D 1 and S/D 2, on S/D bar unit 16 provides a fixed 
distance between the S/D units that are mounted on the S/D bar unit 16. Similarly, 
mounting the retro-reflector units 14 on a S/D bar unit 16 provides a fixed distance 
between the retro-reflector units 14. The S/D bar unit 16 may also include a speed 
and acceleration microcontroller 20 which includes electronics that respond to the 

1 5 sensed interruptions of the beams. 

In some embodiments, more than one S/D bar unit 16 may be used, with the 
bars cascaded ("daisy chained") together, and each bar having at least two S/D units 
12. The S/D bar units 16 can be configured so that they can cascaded simply by 
connecting the end of one S/D bar unit 16 to the beginning of the next S/D bar unit 

2 0 16. The reflector bars 18 can be cascaded in corresponding fashion. 
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As the vehicle drives through the remote sensing system 10, the vehicle's 
tires interact with the projected and reflected beams, and the vehicle's speed and/or 
acceleration can be measured based on detected blocking and/or unblocking of the 
beams. A single external computer system 22 receives signals from the 
5 microcontrollers 20 of each bar 16 in use via an interface such as an RS232 interface, 
and can calculate the vehicle's speed and/or acceleration. The computer system 22 
can also supply power to the S/D bar unit(s) 16. In a preferred embodiment, the S/D 
unit(s) 16 also include a tilt sensor 24. The computer 22 can be a personal computer 
or a personal digital assistant or other suitable device. 
10 The following list depicts a sequence of events for a single speed and 

acceleration bar with "N" S/D units: 


1 . The system reads road slope from the tilt sensor. A road slope with an 
incline (uphill) is expressed as a positive number. A road slope with a 
decline (downhill) is expressed as a negative number. 


15 


2. The vehicle begins by driving through a speed and acceleration system 
which is a single bar of "N" S/D laser and retro-reflective matrixes with 


e D" distance between them. 


3. The vehicle's front tires blocks the 1 st laser beam that traverses the 


roadway. 


20 


4. The system records the Time F i B i 0 c of the block. 


5. The vehicle's front tires exit the 1 st laser beam that traverses the roadway. 


6. The system records the Timepiunbioc of the unblock. 
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7. The vehicle's front tires blocks the 2 laser beam that traverses the 
roadway. 

8. The system records the Time F 2Bioc of the block. 

9. The vehicles front tires exit the 2 nd laser beam that traverses the roadway. 

10. The system records the Timercunbioc of the unblock. 

11. The system reads relative vehicle mass from magnetometer sensor. 
Vehicle type is determined from magnetic signature {e.g. small vehicle up 
to a semi tractor/trailer}. 

12. The vehicle's rear tires block the 1 st laser beam that traverses the roadway. 

13. The system records the Time R i B ioc of the block. 

14. The vehicle's rear tires exit the 1 st laser beam that traverses the roadway. 

15. The system records the Time R iu n bioc of the unblock. 

16. The vehicle's rear tires blocks the 2 nd laser beam that traverses the 
roadway. 

17. The system records the Time R2 Bioc of the block. 

18. The vehicle's rear tires exit the 2 nd laser beam that traverses the roadway. 

19. The system records the Time R2 unbioc of the unblock. 

20. The system calculates the Vehicle's Speed and Acceleration based on 1 st 
and 2 nd lasers: 

Speedi = D/(TimeF2Bbc - TimepiBioc) 

Speed 2 = D/(Time F 2Unbioc - Timepiunbioc) 

Speed 3 = D/(Time R2 Bioc - Time R iBioc) 

Speed 4 = D/(Time R2 unbioc - Time R iunbioc) 

Acceli = (Speed 3 - Speedi)/(Time R2B bc - Time F iBioc) 
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Accel 2 = (Speed 4 -Speed 2 )/(Time R 2Unbioc-TimeFiunbioc). 

21 . The vehicle's front tires blocks the 3 rd laser beam that traverses the 
roadway. 

22. The system records the Time F 3Bioc of the block. 

23. The vehicle's front tires exit the 3 rd laser beam that traverses the roadway. 

24. The system records the Time F3 unbioc of the unblock. 

25. The vehicle's rear tires blocks the 3 rd laser beam that traverses the 
roadway. 

26. The system records the Time R3B ioc of the block. 

27. The vehicles rear tires exit the 3 rd laser beam that traverses the roadway. 

28. The system records the Time R3lj nbioc of the unblock. 

29. The system calculates the Vehicle's Speed and Acceleration based on 2 nd 
and 3 rd lasers: 

Speed 5 = D/(Time F 3Bioc - Time F 2Bioc) 

Speede = D/(Time F3 u n bioc - Time F 2Unbioc) 

Speed? = D/(Time R 3Bioc - Time R2 Bioc) 

Speeds = D/(Time R3Un bioc - Time R 2Unbioc) 

Accel 3 = (Speed? - Speed 5 )/(Time R3 Bioc - TimeF2Bioc) 

Accel 4 = (Speed8 - Speed 6 )/(Time R3U nbioc - Time F 2Unbk>c). 

30. The system further calculates the Vehicle's Speed and Acceleration based 
on the 1 st and 3 rd lasers: 

Speed 9 = 2*D/(Time F3B ioc - TimepiBioc) 
Speedy = 2*D/(Time F 3Unbioc - Time F iunbioc) 
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Speedn = 2*D/(Time R3 Bioc - Time R iBioc) 

Speedy = 2*D/(Time R 3unbioc - Time R iunbioc) 

Accel 5 = (Speedu - Speed 9 )/(Time R 3Unbioc - Time F iBioc) 

Accel 6 = (Speedi2-Speedio)/(Time R 3Unbioc-Time F iunbioc)^ 

3 1 . The vehicle' s rear tire blocks the TV* laser beam that traverses the roadway. 

32. The system records the Time F ^i 0 c of the block. 

33. The vehicle's rear tire exit the ]V* laser beam that traverses the roadway. 

34. The system records the Time F MJnbioc of the unblock. 

35. The system finally calculates the Vehicle's Speed and Acceleration based 
on the 1 st and lasers: 

Speed(( 2 (n) 2 -2n)-3) = (A^-l)^D/(Time F wBioc"TimeFiBioc) 
Speedy) 2 - 2n) - 2) = (Af-l)*D/(Time F ;vunbioc - Time F iunbioc) 
Speed ((2 (n) 2 -2n)-i) = (N-l)*D/(Time RA Bioc-Time R iBioc) 
Speed (2 (n) 2 -2n) = (N-l)^D/(Time RM jnbioc-Time R iunbioc) 

Accel(„l n -i) = (Speed(( 2 („) 2 -2 f z).i)~Speed((2(n) 2 -2«)-3))/ (Timei^unbioc - Time F i B ioc) 
Accel< n 2 -n) = (Speed ( 2(n) 2 -2«) - Speedy 2 -2«) -2) )/ (Timei^unbioc - Time F i B ioc). 

36. The system calculates the average speed and acceleration: 

2 2 

Speed avg = (Speedi + Speed 2 + Speed 3 ... = Speed (2 ( n ) -2n))/(2(n) -in) 

2 2 

Accel aV g = (Accelj = Accel 2 = Accel 3 ... = Accel (n _ n )/(n -n). 

37. The system saves the vehicle's Speed avg and Accel avg . 

38. Vehicle specific power (SP) is calculated either using measured relative 
vehicle mass, or utilizing an equation that discounts the mass of the 
vehicle. SP can be calculated so that an on-road in-use measurement of a 
vehicle's emissions can be correlated to a treadmill test such as M240 or 
other loaded mode treadmill test where SP can be calculated. USEPA uses 
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a formula for calculating SP that is: 2 * speed * acceleration, though this 
does not take into account an adjustment for acceleration, as can be done 
with this system, for those vehicles sampled on an inclined/declined 
roadway. Measured acceleration is adjusted for the effect acceleration due 
to gravity (a g ) has on the vehicle. The effect of a g (in English units) is 
calculated by multiplying the SINE of the road slope (measured in degrees 
angle relative to the horizon) by the factor 21.82. A road slope expressed 
in Percent Grade is multiplied directly to the 21.82 factor (e.g. 6% grade is 
0.06 * 21.82). For an inclined (uphill) road slope, the vehicle must 
overcome acceleration due to gravity that works against the vehicle 
moving uphill. Therefore a g is added to the measured acceleration from 
the system, and a g is subtracted from the measured acceleration when a 
vehicle is traveling downhill. Both measured and adjusted acceleration 
can be reported by the system. 

15 In the preferred embodiment, the number "N" of lasers is typically between 

two to four lasers and the distance "D" is typically between 1.44 feet (0.43 meters) 

to 4.0 feet (1.22 meters). 

The sequence of events described above for performing calculations based on 

the sensed beam information represents a presently preferred embodiment. However, 
2 0 any other suitable calculations may be performed based on the sensed interruptions 

of the light beams, and also various steps such as, for example, calculation of specific 

power can be omitted in some embodiments if desired. 


5 


10 
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In the preferred embodiment, the S/D units 12 can be provided by an off-the- 
shelf system having a class 2 visible laser diode light source and an appropriate 
detector. However, any suitable radiation beam can be employed. 

In a preferred embodiment of the invention, the projected beam is a 
5 modulated laser beam. Employing a modulated beam rather than a constant beam 
minimizes reflective noise, and thereby provides improved performance. The 
modulation is preferably fast enough to permit measurements having a desired 
accuracy. In a preferred embodiment, the beam can be modulated at approximately 
a 20 kHz rate. Higher radiation rates of over 200 kHz can also be employed. 

10 The arrangement of the S/D units 12 on one side of the road, and retro- 

reflector units 14 on the other side of the road, provides many benefits. For example, 
power needs to be supplied only to one side of the roadway. This is particularly 
advantageous since the S/D units 12 in some applications are battery powered via the 
external computer 22 being battery powered. Of course, the S/D units 12 may also 

15 be powered by a temporary or permanent corded connection or other suitable power 
connection. Further, an operator can align the units and observe that proper 
alignment has been achieved, all from one side of the roadway. That is, the operator 
can first set the retro-reflector units 14 on the far side of the roadway, and then can 
place the S/D units 12 on the near side of the roadway, and manipulate the S/D units 

2 0 12 until proper alignment is observed by observing an indication of the detection of 
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the beam by the S/D units 12. Set up of the assembly is described in more detail 
below. 

Referring to FIG. 2, although in some preferred embodiments the S/D units 
12 are mounted on bar units 16 which may be rigid metal bars, the S/D units 12 may 
5 also be deployed individually. Similarly, the retro-reflective units 14 may be 
deployed individually instead of on reflector bars 18. The S/D units 12 and/or retro- 
reflective matrixes 14 can be mounted in other fashions, and for example might be 
permanently mounted in a curb or roadway wall structure. The bar units 16 and/or 
18 may be designed to be cascaded touching end to end, or may be designed to be 
1 0 spaced from each other by a predetermined distance. 

In a preferred embodiment, the S/D bar units 16 can be adjusted to position 
the height of the laser beam above the vehicle path surface, such as a roadway, and 
also to orient the beam to be at least substantially parallel to the surface. To 
accomplish this, the bar units 16 may be provided with adjustable legs 24, 26, 28 
15 that support the bar units 16, 18 as shown in FIGS. 2-6. 

Turning now to FIGS. 2-6 in more detail, a preferred embodiment of a S/D 
bar unit 16 shown in FIGS. 2 and 3. The bar unit 16 includes a first rectangular 
tubular portion 30 connected in line with a second rectangular tubular segment 32. 
The two rectangular tubular segments 30, 32 are detachably mated together via a 
2 0 connecting piece 34 that slides into suitable tubes welded into at the respective ends 
of the segments 30 and 32. The connecting piece 34 has two holes drilled 
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therethrough and receives removable pins 36. By virtue of this arrangement, the 
segments 30 and 32 can be separated for storage, and can be attached together to 
form a single continuous elongated bar for operation. 

After the segments 30 and 32 have been attached together using the 
5 connecting unit 34 and the pins 36, a L-shaped rear plate 38 is attached to the back 
side of the segments 30 and 32 via attachment screws 40. The rear plate 38 may be 
provided with a stiffening flange 52 as shown. The rear plate 38 has a vertical 
housing at its rear corner for receiving an adjustable leg 24. The adjustable leg 24, 
as can be best seen in the side view of FIG. 6, has a number of holes drilled 

1 0 therethrough one inch (2,54 cm) apart and a releasable pin 42 can be inserted though 
the housing and a respective hole in the leg 24 in order to provide one inch (2.54 cm) 
height adjustment for the leg 24 relative to the rear plate 38 and bar assembly 30, 32, 
The bar segment 30 has a leg 26 that is similarly height adjustable by a pin 44. The 
bar segment 32 also has a leg 28 that is height adjustable by a pin 46. 

15 By virtue of the releasable pins 42, 46, 48 , each of the legs 24, 26 and 28 can 

be independently height adjusted to effect coarse adjustment. It is also possible in 
the preferred embodiment to effect a more fine adjustment on each leg 24, 26, and 
28 by the lower portion of each leg having a threaded foot 50 that can be rotated to 
raise or lower the foot 50 by fine amounts relative to its respective leg 24, 26, and 28. 

2 0 The foot 50 is designated by the reference numeral 50 throughout, because the 
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threaded insertion of the foot into the respective legs 24, 26 and 28 is the same for 
each leg. 

Referring now particularly to FIG. 6, it will be appreciated that the 
arrangement of the legs 24, 26 and 28 permits the S/D bar 16 including the L-shaped 
5 rear portion 38 to be adjusted for use on a flat surface, or on a curbed or uneven 
surface. For example, in the configuration shown in FIG. 6, the rear leg 24 is in a 
primarily upward position so that it can rest in the top of a curb, while the front legs 

y 26 and 28 can rest on a pavement surface below the curb. For use on a flat roadway 

surface, the rear leg 24 could be lowered into a fully lowered state, in which the feet 

Q 10 of the legs 24, 26 and 28 would be generally in the same horizontal plate, and could 

i» rest on a roadway surface. The adjustment of the legs 24, 26 and 28, including both 

fine and coarse adjustments in the preferred embodiment, also permits the S/D bar 

, J 16 to be used on a crowned or otherwise inclined road surface, and still permit a 

generally horizontal beam. 
15 Turning now again to FIGS. 2 and 3, the S/D bar 16 also includes three S/D 

units 12 in the location shown. The S/D units 12 are mounted in apertures in the 
front wall of the bar segments 30 or 32, and rest generally flush with the front surface 
of those segments. 

The S/D bar 16 also includes the microcontroller 20 mounted internally of the 
2 0 bar 16 at the location shown. An indicator such as three holes having LED's 54 
mounted therein is provided on the front surface of the bar unit 32. The LED's 
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indicate when the entire arrangement including the bars 16 and 18 are in alignment 
as discussed in more detail below. The end 56 of the S/D bar 16 may have an 
attachment arrangement that corresponds to the other end 58 of the bars, so that the 
bars may be cascaded or daisy chained together. Connections 56 and 58 may also 
5 include connections for power and/or data transmission. When one bar is used alone, 
or in the case of the end bar of the daisy chained combination, the connector 56 may 
be connected directly to external computer 22 via a RS232 interface 24. 

FIGS. 4 and 5 illustrate a preferred embodiment of the reflector bar 18. Like 
elements as in FIGS. 2 and 3 are indicated by like reference numerals throughout. 

1 0 The principal differences between the reflector bar 18 and the S/D bar 16 is that the 
reflector bar 18 has retro-reflector matrix elements 16 mounted in the positions 
shown, rather than the S/D units 12. The retro-reflector matrixes 16 are mounted 
substantially flush onto the front face of the segments 30 and 32. The reflector unit 
18 does not require the supply of power, or any supply or transmission of data. 

15 Therefore, the end connections 62 and 64 which may be provided for cascading the 
reflector bars do not need to include power and/or data transmission. 

In a preferred embodiment, there are three S/D units 12 on each S/D bar 16, 
equally spaced from each other, and there are three retro-reflector matrixes 60 on 
each reflector bar 18, also equally spaced from each other. However, the number of 

2 0 units and their spacing may be modified as desired in other embodiments. 
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To set up the bars for operation, in a example of the usage of a single bar, the 
user first sets up the S/D bar 16 so that it is projecting a beam generally across the 
roadway surface. The user then crosses the vehicle path and sets up the reflector bar 
18, so that it will receive and reflect the projected beams. The user can manipulate 
5 the reflector bar 1 8 until proper alignment has occurred, which will be indicated by 
the LED's 54 on the front face of the S/D bar 16. 

The construction described above also permits for ready disassembly of the 
bars. For example, when not in use, the S/D bar 16 can be separated by pulling out 
the pins 36 and undoing the screws 40. The legs 24, 26 and 28 can also be removed 

10 from their respective housings. After this disassembly, the various individual 
components will now be: the bar portion 30, the bar portion 32, the L-shaped rear 
portion 38, the connector 34, and the legs 24, 26 and 28. These various components 
can be arranged in a compact fashion for storage and/or transport. 

In the preferred embodiment, the S/D bar 16 may include a tilt sensor 70 that 

1 5 can detect the degree of tilt from horizontal, along the lengthwise axis of the S/D bar 
16. Signals from the tilt sensor 70 may be provided to the controller 20 for use in the 
adjustment of measured acceleration for the acceleration of gravity pulling 
with/against the vehicle being measured. Calculation of Specific Power of the 
measured vehicle includes the adjusting of measured acceleration for the 

2 0 acceleration on the vehicle due to the Earth's gravity. 
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The many features and advantages of the invention are apparent from the 
detailed specification, and thus, it is intended by the appended claims to cover all 
such features and advantages of the invention which fall within the true spirits and 
scope of the invention. Further, since numerous modifications and variations will 
readily occur to those skilled in the art, it is not desired to limit the invention to the 
exact construction and operation illustrated and described, and accordingly, all 
suitable modifications and equivalents may be resorted to, falling within the scope 
of the invention. 

What is claimed is: 


